morning phlegm and found H. influenzae in 45 % and pneumococci in 38%. Mulder et al. (1952) and May (1953) reported that H. influenzae could be isolated from the sputum of 80-90% of patients with chronic mucopurulent bronchitis. Stuart-Harris et al. (1953) found that in Sheffield H. influenzae and pneumococci were the important pathogenic bacteria. It was therefore thought essential to use an antibiotic regimen capable of destroying both the pathogenic bacteria likely to be found in the bronchial system of patients, 40% of whom were expected to have bronchitic symptoms. Penicillin with streptomycin, given in a five-day course, is known to be therapeutically effective in acute exacerbations of bronchitis and to be free from toxic effects in all but a few hypersensitive patients. This was therefore thought to be the drug combination most likely to reduce the incidence of postoperative chest infections.
A secondary objective was to establish the value of isoprenaline inhalations and morphine in frequent regular doses in preventing postoperative chest complications.
The opportunity was also taken to assess the importance of preoperative history and ventilatory function on the development of chest complications. From these data an attempt was made to define the characteristics of a group of patients who would be most likely to suffer these complications, and in whom it would therefore be justifiable to institute such prophylactic measures as were shown by the trial to be effective.
Plan of inestgation
During the 12 months of the survey 132 male patients undergoing elective upper abdominal surgery were admitted to the study. They were allocated at random to one of eight treatment groups, as shown in Table I , which specified the use of antibiotics (A), morphine (M), and bronchodilators (B) as follows: A+ Crystamycin (sodium penicillin G 300 mg. (500,000 units)+ streptomycin base 0.5 g. as sulphate) 1 ml. i.m. six-hourly for a period of five days (total 20 doses), four doses to be given before the operation.
A-No antibiotic routinely.
M+ Morphine sulphate 1/6 gr. (10 mg.) four-hourly for 48 hours postoperatively-that is, a total of 2 gr. (120 mg.); the average total dose given to patients in this group was 1.8 gr.
(110 mg. This overall assessment is probably of greater importance than the condition of the patient on any one day. Chest Complications after Surgery-olls et al.
These proportions were hardly modified at all by the alternative morphine and bronchodilator regimens, but were altered considerably depending on whether or not the patients received prophylactic Crystamycin; the A+ group had a larger proportion with no complications at any time and a smaller proportion in which treatment had to be changed. The difference between the A+ and A-distribution shown in Table V little evidence of any difference b en the treatment groups. In all three -tests average performance on the first day after operation was restricted to less than half of the preoperative level, but subsequently rose to more than 80% by the tenth day (Fig. 2) . Both radiological and clinical assessment were to some degree subjective, but with clinical measures in this study there is also the possibility of bias, since the observers could not fail to be aware which regimen each patient was on. The only known bias was in fact a slight reluctance on the part of the surgeons to have patients on prophylactic penicillin and streptomycin, The radiological assessment has been taken as the index for determining which symptoms or personal characteristics predispose the patient to a postoperative chest complication.
Of the total group of 120 patients who had films taken on the second-day the proportion with clear films was 48%, with minor lesions 30%,. and with major lesions 22%. Table X shows that the proportion with clear x-ray films was greater (63%) in the 19 patients under 35 years of age, but less (only 31 %) in the 35 patients 55 years and over. Though the proportions with major lesions do not give a consistent trend with age, overall the younger patients showed fewer abnormalities, the differences between the three age groups being significant (P<0.Ol). Apart from the effect of age, patients with respiratory symptoms, cough, phlegm, and wheezing (but not breathlessness), and those who said the weather affected their chest, had fewer clear x-ray films and more with major lesions than those who were symptomless preoperatively; none of these trends was, however, significant at the 0.05 level.
The remaining characteristics examined-past chest illness, chest illness in the last dtee years, smoking, dusty occupation or exposure to irritant gas-showed no evidence of an influence on the likelihood of developing postoperative chest complications. This negative result with smoking may have arisen because the number of non-smokers, only 4 out of the total of 120, provided too small a group for comparison. Those with low F.E.V.1, F.V.C., P.E.F.R., and F.E.V.1/F.V.C.% had a higher risk of developing radiological abnormality, and for the first two of these tests the trend was significant (P<0.05).
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However, reduced levels of all these measurements are found it older persons. When the F.E.V.1 and REV.% were exmined separately for the age groups, under 35, 35-44, 45-54, and 55 and over, there was no significant indication that patients with major lesions were those with a reduced preoperative performance. On the other hand, Table XII shows that the degree to which the preoperative level of F.E.V.1, F.V.C., or P.E.F.R.
had fallen by postoperative Day 1 had no influence on the development of radiological abnormalities on the second postoperative day. This finding is perhaps remarkable, since about a fifth of the patients had Day 1 readings of less than 30% of their preoperative performance. (Lancet, 1955) , because inadequate dosage may lead to the emergence of resistant strains of bacteria (Howe and Mozden, 1963) , and high dosage, particularly of streptomycin, to irreversible toxic effects. Despite these reservations, the decision was made to give the powerful combination penicillin and streptomycin, because a considerable proportion of the patients might be expected to be harbouring H. influenzae. The dosage scheme, 0.5 g. six-hourly for five days, was intended to provide effective blood levels to cover the operation and for four subsequent days, and to keep the total dose, 10 g., within safe limits. The results fully justified the decision, since the favourable response in the group given antibiotics was achieved without any toxic effects being observed.
The contrast between our findings and those of Palmer and Sellick, 1952; Griffiths, 1957; Barnes et al., 1959; and Thulbourne and Young, 1962 , who were unable to demonstrate benefit from the use of prophylactic antibiotics, might be explained on two grounds: (1) the first three studies used penicillin alone, which is not effective against H. influenzae, and (2) the fourth used a combination of penicillin V 60,000 units and dihydrostreptomycin 0.5 g. given once immediately after the operation, which is clearly inadequate.
In this study there was a sharp reduction in ventilatory function on the first postoperative day, the mean values of F.E.V.1, F.V.C., and P.E.F.R. being less than 50% of the preoperative levels, with a steady rise subsequently. The extent of this fall in individual patients, however, bore no relation to the risk of complications. If this fall was largely due to pain, as suggested by Churchill and McNeil (1927) , it was surprising that the M+ group, who received an average 1.8 gr. (110 mg.) of morphine, showed the same pattern of ventilatory function as the M-group, who had an average dose of 0.8 gr. (50 mg.) in the first 48 hours.
The similarity in incidence of complications for the groups of patients given and not given isoprenaline inhalations contrasts with the findings of Palmer and Sellick (1953) . This might be accounted for by important differences between the two series. Palmer and Sellick used this regimen for a longer period -preoperatively for up to two weeks in very poor risk cases and for at least five days after operation-and the accompanying physiotherapy may have been more intensive than that used in this study. Furthermore, very few of our patients showed significant reversibility of airways obstruction preoperatively, or had F.E.V.1/F.V.C.% values of less than 60, and would therefore have been expected to benefit by bronchodilators.
An examination of the factors which might increase the risk of postoperative chest complications in our group of men, who were almost all cigarette smokers, indicated a significantly increased risk in older patients, and a slight though insignificant increase in incidence in those with a history of wheezing or a productive cough. As might be expected, patients with a poor preoperative ventilatory function were also at greater risk, but this factor was closely correlated with age and did not appear to operate independently.
Summaa
One hundred and thirty-two male patients undergoing upper abdominal surgery were investigated clinically, radiologically, and with ventilatory function tests before and after operation in a controlled trial in order to assess the effect of prophylactic Crystamycin, regular analgesia with morphine, and isoprenaline inhalations on the incidence of postoperative chest complications. Crystamycin, given in a total dose of 10 mega units of sodium penicillin G + 10 g. of streptomycin sulphate over a period of five days starting on the day before operation, reduced the incidence of serious chest complications by more than 50%; no benefit was observed from the use of regular analgesia with morphine or from isoprenaline inhalations.
With the use of preoperative ventilatory function tests and a detailed history, an attempt was made to define a group of patients with an increased risk of developing a postoperative chest complication. In this series the older patients were found to have a significantly greater risk; those with a preoperative history of wheeze, productive morning cough, and impaired ventilatory function had a slightly, but insignificantly, increased risk. No other characteristics of the patients examined were found to influence the risk.
